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The Corona Chronologies: Part I. China  (was “Analysis_of_Coronavirus-2019_Data_Michael_Levitt.pdf”) 

Michael Levitt, Structural Biology, Stanford University School of Medicine, CA, US  (13-March-2020) 

It is now generally accepted , the COVID-19 epidemic is almost over in China. Today’s analysis uses JHU data (Table 1)  for the past 
49 days to confirm trends we have shown in reports going back to 1-Feb.  We separate Hubei from non-Hubei as most cases and 
deaths have occurred in Hubei (Fig. 2).  We estimate there will be 3,200 total Hubei deaths and less than 120 non-Hubei deaths in 
China.  There will be 66,000 Hubei cases with a Hubei death rate of 4.5% (1% on Day 0 after being classified as a case; 2.4% on 
Days 8 & 9, the remaining 1% after day 14, Fig. 5).  There will be 13,000 non-Hubei cases in China with a death rate of 0.85%.  China 
Non-Hubei deaths seem to occur after 10 days, very similar to the 9 day delay most common for Hubei deaths. 

For now, I raise questions for experts who may read this analysis. 

(1) Why do most deaths in China tend to occur after 9 or 10 days from infection (Figs. 3,4 & 5) 

(2) Why do Hubei cases have a 1% death rate on the day case is confirmed whereas Non-Hubei cases do not (Fig. 5) 

(3) Why do China Non-Hubei cases and deaths both peak three days before those in Hubei?  Is the explanation in Fig. 6 crazy? 

(4) Why do death rates in different countries differ so much (Fig. 7).  Do the high rates in Iran mean only the very ill are examined? 

(5) Did the epidemic in China slow due to stringent quarantine or rise of immunity in many of those infected but never detected as a 
case?  Can an epidemic be stopped if we use social distancing to contact with fewer people without strict quarantine? 

(6) Could certain individuals be naturally immune due to their individual antibody repertoires?  

(7) Is what happened on the Diamond Princess a good model for what a world pandemic would be (20% infection rate, 0.04% death 
rate in over 65-year olds).  A big unknown is the role of social distancing on the ship?   

 

The data for China fits a simple sigmoid curve beautifully (see Fig. 4) explaining why the early predictions worked out so well.  As data 
accumulates on Non-China cases, we turn our attention to their analysis.  This data is very noisy as expected for the early phase and 
comes from different countries.  Preliminary analysis (Fig. 7) shows no signs of slowing exponential growth of cases or deaths.  More 
work is needed and we hope that detailed analysis of the epidemic in China will help the rest of the world. 

This report will likely be the last on China as we focus our attention on the rest of the world.  Actually, the two reports will be 
concatenated and the Figures and Tables numbered as if one document. 
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Table 1.  Showing all we use data for COVID-19.  Data, is no longer taken from the WHO website or from jobtube.cn website; it  is synced daily to  
https://github.com/CSSEGISandData/COVID-19/blob/master/csse_covid_19_data/csse_covid_19_time_series/time_series_19-covid-Confirmed.csv 
the Johns Hopkins University Github repository.  All data is smoothed using the LOWESS method (locally weighted scatter-plot smoothing) 
developed by W. S. Cleveland at Bell Labs in 1985.  We divide data into Hubei and non-Hubei as most deaths are in an area centered on Wuhan in 
Hubei (Fig. 2).  The death rate is the number of deaths divided by the number of cases confirmed, and Ratio Hubei/Others is the ratio of the death 
rate for Hubei to the death rate for non-Hubei.  The Change Ratio is Value_Today divided by Value_Yesterday.  We give the number of new cases 
and new deaths in Hubei each day (subtracting yesterday from today). 
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Figure 1. Variation of COVID-19 data against days since 29 Nov 2019 (guessed date of the first case).  Data is taken from Table 1. (A) 
shows a slowing increase in number of cases everywhere.  (B) confirms that almost all the deaths are in Hubei.  (C) shows that the Hubei 
death rate initially decreased from 2.5% on 27-Jan. to 1.9% on 7-Feb. only to rise to 4.0% today.  Such a rise of the Hubei death rate in (C) 
makes no sense as the virus is not becoming more virulent.  This discrepancy arises because all deaths do not occur on the same day a 
case is diagnosed.  A proper death rate distribution gives a real Hubei death rate of 4.7% (Fig. 5).  (D) and (E) show that the change ratio in 
total cases or deaths (Value_Today / Value_Yesterday) is decreasing steadily.  In (D) & (E) we add linear trend-lines using data from 
1/29/2020.  The change ratio for cases and deaths is an excellent fit to a straight line.  In (E) we also show a red short-dashed line of the 
linear fit to the four data points for 29-Dec to 01-Feb; this trend was seen in the first draft of this analysis dated 2/2/20, giving rise to the hope 
I expressed that the growth of deaths would slow soon. 
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Table 2.  Number of cases, number of deaths, death rates and change ratios in death numbers (death ratio) shown for 17 Hubei cities from 
31 Jan to 16 Feb.  City data is sorted by decreasing number of deaths.  We distinguish death rates ≥ 3% (scarlet), ≥ 1% (rose) & < 1 % 
(green).  The deaths per million population is much higher in Wuhan than any other city at almost 120 per million (0.012%).  The number of 
cases (clinically plus laboratory diagnosed) is 0.37% of the Wuhan population of 11 million.  On 31-Jan. there were 8 of 17 cities with death 
rates less than 1%; by 16-Feb., there were only 2 of 17. 

Figure 2.  Map of Hubei circling in purple 
cities with a death rate of ≥ 3%, in red 
cities with a death rate of ≥ 1% and in 
green other cities for which there is data in 
Table 2.  Most deaths are localized to a 90 
km x 35 km area centered near Tianmen 
and high death rates occur in four cities: 
Wuhan, Jingmen, Qianjiang and Xiantao 
(See Table 2).  Two cities,  in the same 
area have low death rates, comparable to 
those elsewhere in China and the rest of 
the world (data from jobtube.cn from 31-
Jan. to 16-Feb.).  The red dot marks the 
Wuhan South China Seafood Market 
thought to be the source of this 
coronavirus. 
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Figure 3.  Time variation of number of new cases and new deaths in China, separated into Hubei and elsewhere in mainland 
China (Non-Hubei). 

(A). Showing the number of new Hubei cases per day (red line) and the number of new Hubei deaths per day (black line).   

(B)  The same data is smoothed by averaging over a three-day window so that, for example, the value plotted on day 69 is the average 
of the values on days 68, 69 & 70.  These smoothed curves clearly show that the number of new Hubei cases per day peaked on Day 
69 (6-Feb) and that the number of new Hubei deaths per day peaked on Day 78 (15-Feb.), which is 9 days later.  For sigmoid growth 
like that shown in Fig. 4, the number of new cases or deaths reaches a maximum midway through the curve.  This predicts the total 
number of Hubei cases will reach 60,000 (laboratory plus clinically diagnosed cases), approximately twice 28,208, the number of such 
cases on 6-Feb.  This also predicts total number of Hubei deaths will reach 2,914, twice 1,457, the number of Hubei deaths on 15-Feb.  
Better analysis in Fig. 4 gives asymptotic values of 65,834 and 3,150 for number of Hubei cases and deaths, respectively. 

(C)  Showing the variation with time of the smoothed number of new Non-Hubei cases in China per day (red line).  Although smoothed 
by averaging over a window of five values, this data remains noisy.  Nevertheless, it does indicate that a peak in the number of new 
Non-Hubei cases in China occurred on day 67 or 68 (4-Feb. or 5-Feb.) allowing the maximum total number of Non-Hubei cases to be 
estimated as twice 7,037 or 7,745, the values on 4-Feb. or 5-Feb, for a value of between 14,000 and 16,000.  The same argument 
estimates the total number of non-Hubei deaths to reach a 160.  Again, Fig. 4 gives better asymptotic values of 13,075 and 109 for the 
total number of Non-Hubei cases and deaths, respectively. 

(A) (B) (C) 
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Figure 4.  Fit of a sigmoid function to the total number of COVID-19 cases and deaths in Hubei.  (A) The best fit (black line) to the actual 
deaths (black dots).  The fit is obtained using Excel Solver to find parameters A, B & C in f(x) = A/(1+exp(-(x-B)/C)) that minimize the weighted RMS 
difference of calculated and actual number (weight=sqrt(number deaths).  We calculate ratio of value today to those yesterday (T/Y, black dashed 
line) and compare with the actual data (orange dashed line and circles on secondary axis).  The fit is excellent and the calculated ratio decreases 
approximately linearly towards a value of 1.0 as assumed in Fig. 2 (E).  =A/(1+EXP(-(x-B)/C))  (B) Sigmoid fits to both the number of cases and 
number of deaths in Hubei.  The final total number of Hubei cases will be close to 66,000, while the current estimate for total number of deaths will 
be close to 3,200.  This will mean an overall Hubei death rate of almost 5% (3,053/67,067=4.55%).  (C) By subtracting values for yesterday from 
today, the sigmoid function fitted to the actual number of new Hubei cases or deaths shown in Fig. 4B, gives the number of new Hubei cases or new 
Hubei deaths (solid red and black lines, respectively).  These curves are a good fit to the actual number of new Hubei cases or deaths (red and 
black transparent circles joined by dashed read and black lines, respectively), although the real data is noisy with large fluctuations.  The smooth 
new cases curve (solid red line) peaks at Day 70.4 and the smooth new deaths curve (solid black line peaks at Day 78.6).  Corresponding plots for 
cases and deaths in China but Non-Hubei is plotted in panels (D), (E) & (F).  The Non-Hubei death rate is almost 1% (122/12939=0.86%), which is 
about 5 times lower than that in Hubei. The for sigmoid curve parameters (A, B, C) = (67165, 70.3, 4.65) for Hubei cases, (3071, 77.9, 6.47) for 
Hubei deaths, (12956, 66.5, 4.26) for Non-Hubei cases, and (112, 76.4, 5.00) for Non-Hubei deaths.  

(A) (B) (C) 

(D) (E) (F) 
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Figure 5.  Relating new cases to new deaths via a death rate 
distribution, which gives the fraction of cases that die i days after a 
case is confirmed.  If Pi is fraction of cases that die after i = days, 
the number of new deaths on day n, Dn, is the sum of deaths from 
the new cases, Cn-i, on previous days, where  Dn = Cn*P0 + Cn-1*P1 + 
Cn-2*P2 +…+ Cn-29*P2 .  The total death rate is ΣPi .  Excel Solver is 
used to determine values for Pn unknowns in two ways: 

(1) 30 parameters, one for each Pn value. 
(2) 3 parameter Gaussian Pn = P*exp(-((n-Q)/R)2). 

The 30 parameters distributions are smoothed with an entropy 
penalty of -WΣPnln(Pnn) added to the weighted least squares fit of 
predicted and actual number of new deaths. 
(A) The death rate distribution that best fits predicted deaths to 
actual deaths in Hubei has 4 peaks with a death rate of 1.2% on 
day 0, the day a case is confirmed, of 2.7% summed over days 5 & 
15 (centered on Day 8.5) and about 0.6% over later days.  The 
entropy weighty = 0.001.  the total death rate in all cases is 4.43%. 
(B) A death rate distributions allows China Non-Hubei new deaths to be predicted from China Non-Hubei new cases.  Single Gaussian fit gives 
a broad peak centered on Day 10.  The total death rate 0.84%.  For both Hubei and Non-Hubei, the death rate is higher than in Fig. 1C. 
(C) The new deaths predicted from actual new cases (red line) is shown as a green dotted line.  The fit between the predicted new deaths 
and the actual new deaths (black line) is excellent (hiding black line) except for 15-Jan. to 29-Jan. when it is low.  In that period, the 
number of new cases confirmed could have been underestimated due to difficult conditions in Hubei. 

(A) (B) 

(C) 
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Figure 6 compares the sigmoid curves for cases and deaths in Hubei and China Non-Hubei (see Fig. 4) .  
The smaller number of Non-Hubei cases are scaled by a factor of 4.99 so they are the same height as Hubei 
cases.  The same is done to the much smaller number of Non-Hubei deaths, which are scaled by a factor of 
20.06.  This shows that Non-Hubei cases peaked three days before those in Hubei, while Non-Hubei deaths 
peaked two days before those in Hubei.  This seems impossible but I believe it may be explained if the Non-
Hubei cases were all infected in Hubei three days before the majority of those infected in Hubei.  This 
means that these Non-Hubei cases are from infected people who left Wuhan for the Spring Festival 
(Chinese New Year) and before the city was locked down on 23 Jan.  The lack of further infection suggests 
that the quarantine of those coming from Hubei to other parts of China prevented any further spread of 
infection.  This conjecture is still uncertain but illustrates just how much analysis of the data may reveal. 
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Figure 7 shows the number of cases and deaths outside China.  These plots involve small numbers and are 
beset by high levels of noise.  Still, now is the time when prediction is important. 

(A) Shows both cases and deaths are increasing rapidly. 

(B) Shows that the number of new cases and new deaths per day are increasing together and without the 
lag seen in Fig. 4B & E.  This suggests that many cases are not detected until symptoms are severe and 
patience die on the same day. 

Data on cases outside of China is now analyzed in Part II of these reports that follows below. 

(A) (B) 
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The Corona Chronologies: Part II.  The Rest of the World 
Michael Levitt, Structural Biology, Stanford University School of Medicine  (14 March 2020) 

 

Since 1 Feb-2020, I have been analyzing the coronavirus COVID-19 epidemic.  The last report on China was entitled  
“30.Analysis_of_Coronavirus-2019_Data_Michael_Levitt.pdf”.  It was distributed on 1-March by links in Dropbox: (http://bit.ly/2OsE5Sf) 
and Github (https://csblab.github.io/novoCoronavirus-Analysis/), as WhatsApp, WeChat and email to selected friends and colleagues.  
Doing all this has been a strain on limited human resources so I am now changing direction and focusing on ‘Non-China’ or the Rest of 
the World.  I now have a  more experience, but early prediction the path and outcome of the world epidemic in not going to be easy” the 
numbers are always small at the beginning, the definition of what constitutes a case is vague and likely differs from country to country. 

This first report consists of four sections: (1) A lay-persons introduction taken from a radio show appearance on 2 March.  (2) A 
mathematical exercise (likely high-school level, but proud to have solved it), which gives a straight-line relationship between growth rate 
and number of occurrences (e.g. the percent growth in cases per day should depend linearly on the total number of cases to date with a 
slope related to the sharpness of the sigmoid curve).  (3) Application of this relationship to the epidemics in Hubei and China Non-
Hubei, which are now essentially over.  (4) Application of this relationship to the epidemics in the rest of the world, both in aggregate 
and to countries with enough cases and deaths. This shows the very first signs of improvement:  there is  a decreasing case growth 
rate in South Korea and Italy and a peak in new cases in South Korea. 

A Simple Explanation of Viral Epidemics (Brian Kilmeade, Fox Radio 3-Mar-2020) 

I am not trained or experienced in the area either of virology or epidemiology.  Still, I have been thinking about coronavirus non-
stop for the past 30 days.  I think I start to have a pretty good grasp about what is going on.  Let me start with a simple analogy.  If each 
person infects about 2 others (actual value, known as R_0, is closer to 2.2), then if they are infective for 3 days, that same person will 
infect on average 1.3 people a day.  This means that the number of people infected will grow by 30% a day. 

This is exponential growth and it is very fast.  If it was the interest you got from your bank or a great investment, then $1 would 
become $2,620 in 30 days and 17 billion dollars after 90 days.  If there was as single person infected by Coronavirus, then at 30% 
growth a day, it would take 75 days to infect all the US population and just another 12 days to infect the entire world. 

This is fast and wonderful if it is money but really scary if it is people infected.  In fact no bank will pay 30% interest a day and in 
the real world viral infections do not grow exponentially for long.  Something slows the growth down and signs of this something can be 
detected quite early on.  We will discuss these slowing factors in a bit. 

For now something about my personal involvement.  By 30 January there were already 10,000 cases and 170 deaths in China and 
the number of cases and deaths was growing at 30% a day.  It seemed like a doom’s-day scenario.  Looking closely, showed that the 
rate of growth was not fixed as it would be for exponential growth, instead it was decreasing from 29% to 25% to 22% for numbers of 
deaths on 30th , 31st January and 1st February. 

I knew very little about epidemiology at that time but these decreasing numbers seemed to give hope as it is obvious that when the 
daily growth in deaths drops to 0%, the infection is over.  I was very excited to find this and contacted friends to tell them that the end of 
the world was not close, even in China.  They were really happy and someone (I know not whom) translated my two page analysis into 
Chinese and posted it onto Chinese social media. 
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The reaction was overwhelming and I now had to keep on doing the analysis to see if what I had predicted was actually 
happening.  The numbers behaved well: new cases in China peaked on 7th February and new deaths peaked on 16th February, nine 
days later.  This allowed me to quiet accurately predict the eventual number of cases in China as 80,000 and eventual number of 
deaths as 3,500.  I also noticed very early on that the death rate was ten times higher much Hubei than in the rest of China.  This 
difference has dropped so that now I know that Hubei has a 5% death rate compared to 1% for the rest of China. 

It is still unclear why the increase in cases and deaths got slower.  It could be due to immunity of others who were sick and 
recovered or who were infected but never showed symptoms while still developing antibodies.  It could be social distancing.  It could be 
washing hands well and using a mask if sick.  It could be all these things together.  Key is that these factors reduced the number of 
people a sick person infects from 2.2 to below 1.0, which will stop the exponential growth and the epidemic. 

Over the past few days, I have tried to see if the prediction methods I used in China a month ago, can be used to say something 
about the growth of Coronavirus in the rest of the world.   
Brian Kilmeade Show 3-2-2020 from minute 20:20 to minute 36:00. 
https://podcasts.google.com/?feed=aHR0cDovL2ZlZWRzLmZveG5ld3NyYW
Rpby5jb20vYm5q&episode=YmEyNTA1YmYtMzIwYy00YmY3LWE4YWItYW
I3MjAxMTljNTVl&hl=en-
IL&ved=2ahUKEwjWjOyhhP_nAhUP3qQKHY_DCWoQjrkEegQILxAE&ep=6  
 

A Straight-line Relationship Between Growth and Number 

In my first report I assumed that the rate of growth (or 
change ratio in number after one day) depended linearly on 
time.  This assumption ended up being wrong as seen from 
Fig. 8 where the growth rate (blue line) is flat at first, then 
drops more-or-less linearly and finally flattens out again.  
This dependence is not linear over all the range.  

I just found that for sigmoid function S(t), the growth 
measured by S(t)/S(t-1) (time is t today and t-1 yesterday) 
depends on S(t), the value of the sigmoid function itself (Fig. 
9).  This means that the change ratio (or growth) in number 
of cases should decrease linearly as the number of cases 
increases and the change ratio in deaths should decrease 
linearly as the number of deaths increases (Fig. 10).  

 

Figure 8.  The change with time t of function S(t) = A/(1+exp(-(t-
B)/C)), of the total number of cases or deaths (black line); the 
daily growth, S(t)-S(t-1) in red; and the growth ratio S(t)/S(t-1) in 
blue.  All the values are normalized to be between 0 and 1.  This 
normalization, makes the A parameter irrelevant.  The parameter 
B is set to 50 days (the midpoint) and the parameter C is set to 6 
days (the width). 
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Consider the Sigmoid function       that goes from t = 0 to 2B. 
 
 

 
                                                   ………………. Eqn. (1) 
 
and  
 

                                                   ……………… Eqn. (2) 
 
Divide Eqn. (2) by Eqn. (1) and simplify 
 
 
 
 
 
 
 
 
Now divide both sides by  
 
 
 
 
 
 
 
 
 
 
 

Figure 9.  Proving the linear relationship.  The algebra 
above shows that the growth ratio or change ratio depends 
linearly on the value of the sigmoid function. 
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Figure 10. Showing that the growth ratio S(t)/S(t-1) (or 
fractional change) depends linearly on the S(t) value at time t, 
The straight line has a slope of –exp(1/C), where parameter C 
is a measure of the width of the transition (See Fig. 1). 
 

 
Revisiting Deaths and Cases in China, Hubei and Non-Hubei 

We revisit the plots of the Change Ratio shown in Fig. 1 
(D) & (E).  The number of cases and deaths are smoothed by 
the LOWESS method (Table 1) values before calculating 
Change Ratios and plotted against total number of deaths or 
cases rather than against time.  The results in Fig. 11 show a 
clear tendency for the Change Ratio to drop.  The smooth 
drop of Change Ratio for cases in Hubei towards the straight 
line is suspect and needs further investigation (Fig. 11B). 

Fig. 12 shows that while South Korea is well past the 
mid-point, both Italy, Iran may be close to their midpoints. 
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Figure 11. Showing how the Change Ratio (Number_Today divided by Number_Yesterday) fits the straight lines 
predicted by the equations in Fig. 9 for both number of deaths (Panel (A)) and number of cases (Panel (B)).   The lines 
drawn are not best linear fits but rather the dependence predicted by the equation in Fig. 9, using the C parameter values 
from the best sigmoid fit to the data. 

Unexpectedly, the curve for China, non-Hubei cases is particularly smooth and indicates a non-linear dependence that 
needs to be understood.  Either the algebra in Fig. 9 is wrong or the sigmoid function does not account for the rapid drop 
is Change Ratio seen for Hubei.  This is very important as the rapid drop of the initially high change ratio is what allowed 
these epidemics to be controlled. 

(A) 

(B) 
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Figure 12. Showing Change Ratios of cases vs. number of cases in panels (A) to (C) for South Korea, Italy and Iran, respectively.  
There is a clear decreasing trend of the Case Change Ratio for South Korea, and Iran and Italy.  Panels (E) to (H) show that same plot 
for the Death Change Ratio.  All trends are weaker except for South Korea.  Plots of number of new cases against date, show that 
South Korea has peaked.  There is a double peak for Iran while that is Italy may have peaked but we need a few more days of data to 
be sure.  Notice the false peak that excited me on 9-Mar. 
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World Population Death Rate 

The case fatality rate is the total number of deaths divided by the total number of cases at the end of the epidemic.  Its value 
depends very much on how a caser is defined.  Thus Figs. 1 and XXX  that the case fatality rate in Hubei is 5% whereas in China 
outside Hubei is it less than 1%.  Assuming that we are dealing with the same virus, this difference is likely due to how  case is defined.  
Given the very difficult conditions in Wuhan, it is understandable and expects that only the most severe cases would be counted.  This 
hypothesis gains weight when we see that comparison of the case sigmoid curve with the death sigmoid curve for Hubei shows that 
about ¼ of the fatalities occurred on the same day a case was confirmed.  This did not happen in China outside Hubei, when most of 
those who died did do between 8 and 10 days after being confirmed as a case (Fig. XXX). 

Given this difficulty we try here to estimate the population fatality rate for the one epidemic that had both many cases and a high 
percentage of cases:  the Diamond Princess cruise ship with 7 dears and 725 cases in a population of 3,700.  In both cases, we try to 
use the distribution of population and of deaths to estimate to the correct population fatality rate for an average member of the 
population. 

Initially, we lacked information on the age distribution of those on the Diamond Princess but fortunately, Dr. Francesco Zonta from 
Shanghaitech found a paper with the data that was needed for a proper study of the Diamond Princess 
(https://www.medrxiv.org/content/10.1101/2020.02.20.20025866v2.full.pdf+html). 

The Diamond Princess Cruise ship can be seen as an unintended experiment to infect all the passenger of the with COVID-19.  As 
such it allows us to estimate the population death rate without  having to worry about what constitutes a case.  There were 
approximately 1,690 people on the Diamond Princess who are over 65 years old.  There were 7 deaths so the COVID-19 population 
death rate for those over 65 is 7/1,690 or 0.41%. 

By comparison, in the USA in 2017 to 2018, about 51,000 people over 65 years old died from influenza out of a population of the 
same age group of 53,000,000.  This gives the influenza population death rate is 51,000/53,000,000 or 0.096% 
(https://www.cdc.gov/flu/about/burden/2017-2018.htm). 

This means that if COVID-19 spreads everywhere like influenza has, it will be 0.41/0.096 = 4.3 times more lethal than flu was to 
people in the USA over 65 years of age in 2017/18. 

Of course, it likely is foolish to extrapolate from a single cruise ship to the entire world but we can think of no other way to estimate 
population death rate.  If conditions on the cruise ship were particularly good for transmission of the disease or the older people on the 
cruise were particularly unhealthy, the difference between COVID and flu would be less. 

I expect (or perhaps hope) there will be a vaccine soon and I expect coronavirus to end-up like influenza, infecting almost 
everyone and about as dangerous.  I have heard from an experts that Coronavirus does not have influenza virus’ ability to mutate each 
year so it will likely be as smaller and smaller threat as we all become immune to it less and less severe.  It may also behave like the , 
other corona viruses that are now common colds. 
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Multiple Superimposed Epidemics 

Fig. 13 shows plots of the natural log of the number of cases against date for many different countries selected to have at least 
100 cases and five deaths.  This was done to put all data on a similar scale and thus simplify the task of examining what is become a 
‘big data’ problem.  We were able to identify several interesting situations.  Another advantage of the log plots is that exponential growth 
is to ‘tamed’ to straight line growth.  Fig. 13A shows that China non-Hubei has a beautifully smooth curve (red line), the line for China 
Hubei (olive line) has the same shape but has a small bump between 26-Jan. and 29-Jan.  While this initially seemed like noise, it now 
seems to be an additional outbreak in Hubei.  The data from the Diamond Princess is like that of China non-Hubei but is noisier due to 
smaller numbers.  The curve for South Korea is most interesting in that there seem to have been three independent outbreaks starting 
on 22-Jan., 29-Jan., and 19-Feb.; all were controlled to lead to the flat plateaus that made the new outbreaks easy to see. 

Excited by how much information these log plots of the smoothed data contain, we calculated the differences between successive 
days, namely ln(N(t)) and ln(N(t-1)) which high school math teaches is simply ln(N(t)/N(t-1)), the natural log of the Change Ratio we 
have been using since the first analysis.  Fig. 14 shows some of this behavior.  Most exciting is that the smooth drop of ln(Change 
Ratio) seen the very clean data for China non-Hubei seems to be similar to that seen in many other cases but there is a complication of 
increases do the other outbreaks. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
Figure 13.  Showing how the natural log of the number of cases of different countries compare.  (A) Shows the four outbreaks that are close 
to ending, Hubei, China Non-Hubei, South Korea and the Diamond Princess.  South Korea is unusual in that there seem to have been three 
independent outbreaks.  (B) Shows that many countries have a small number of cases but that for all shown here, there was then a sudden 
initial jump to show the start of an  outbreak: for example for Italy this jump occurred on 19-Feb. whereas in Spain it occurred on 23-Feb.  (C) 
Compares the initial growth in number of cases superimposed to start at same time (Day=1) on the x axis and at he same level value of 
log(N) = 3.0 (N=e3=20) on the y axis.  Over a 21 day period these initial events have grown following curves similar to that of China, non-
Hubei, our one perfect example.  We need to understand what function is being followed but must first finalize and release this report. 

(A) (B) (C) 
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Figure 14.  Comparing the natural log of the Change Ratio for cases n different countries.  There is a huge amount of detailed and  
likely useful information that I was sure was due to noise when I first looked at the data from Hubei.  Now after  LOWESS smoothing it 
seems much more relevant. (A) Shows the initial spikes of the Change Ratio that marks the start of an outbreak. The separate peaks 
for the  multiple outbreaks in South Korea (orange line), Hubei (olive lone) and in France (pale blue line are clear).  (B) shows that the 
initial high peak relaxes very smoothly for China, non-Hubei and that other locations tend to follow this same relaxation interrupted 
with added peaks that are sometimes very broad (Iran and Italy).   (C) shows the five independents peaks for South Korea 
corresponding to independent outbreaks.  (D) compares the best behaved situation from China, non-Hubei to the worst from Italy. 

(A) (B) 

(C) (D) 
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Different Ways to Measure a Case May Not Matter 

The death Rate in Italy is 6.7% which is more than eight times higher than the death rate in South Korea but Fig 15A shows that 
cases in Italy and South Korea grow at exactly the same rate in that the curves can be superimposed on the log cases plot (Fig. 13) for 
a 17 day period for 21-Feb to 8 Mar. This suggests that while Italy is likely missing 7/8ths of the cases South Korea finds, a case as 
defined by Italy is as a good indicator of the case found in South Korea.  This is equally true for cases found in other countries (Fig. 
15C) and suggests that the lack of testing should not hamper control provided people feeling even slight symptoms self-quarantine. 
 
 
 

Figure 15.  (A) shows how cases in 
Italy and South Korea have very 
similar rates of change on a log plot. 
(B) confirms this by plotting log 
Cases in South Korea against log 
Cases in Italy for the 17 day period 
of overlap.  The straight line fit is 
very good with a R2 of 0.9883 
(correlation coefficient of 0.994).  
The slope is very close to the 
expected value of 1.0.  (C) copied 
from Fig. 13 highlights in the pink 
box the period when the differs 
countries listed gave similar rats of 
case growth (South Korea, Italy, 
Germany, Spain and the US). 
 

(A) (B) 

(C) 
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Wide Range of Case Fatality Ratios (Death Rates) 

Why do the death rates of the countries we are focusing on differ so much ranging as the do from 0.14% to 6.72%.  Age of 
population had been considered a reason but as Table 16 shows there seem to be little connection. 

Assuming that we are dealing with the same virus with the same intrinsic R0 and time infectious, what can be happening?  A very 
good article about this appeared in today’s NYT (appended).  There was also a good article in Time Magazine relating to Italy and the 
role that the low influenza vaccinations may play (also appended). 

In my group WhatsApp discussion today with Dr. João Rodrigues and others, the following emerged.   “The SE Asian countries 
are better prepared to handle these sorts of outbreaks. The SARS epidemics and influenza (H1N1, H5N1, etc) led to a generally high 
public awareness for infectious diseases and transmission as well as the permanent installation of temperature sensors in airports in 
China. The culture of even slightly sick people always wearing masks in public probably helped, but more importantly either strong 
governments (China) or very well-organized ones (Singapore, Taiwan, Hong Kong) with their public listening to and supporting them.  
The US and Europe is more liberal and confidence in government actions is lower, so people act more recklessly.”  This ignores the low 
death rates in Germany and Japan, but these countries also share a tradition of belief in their governments. 

TO BE CONTINUED… 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 16: Showing Case Fatality Ratios or Death Rates for data of 13-Mar.  The data on percent of 
population over 65 are for 2018 and taken from https://data.worldbank.org/indicator/SP.POP.65UP.TO 


